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plications uorldriide under a broad rangc o f  d~ \c r \c  o p  
erating conditions 

I t  is impossible to enrisage an effecme food cultiratlon 
and production system, or an efficient food processing 
and distnbution sbstem, wthout  the energy inputs that 
malce these svstems operate There is a close correlation 
between the qualiiq and quanutv of the food an agricul 
turd enterprise produces and the quality and quannty of 
the energv used to "turn the uheels" of the agricultural 
process 

Throughout the developing world, rural areas' laclc of 
reliable, efhcient energy limits the abi l i t~ of agricultural 
enterprises to  der elop economically Adequate energv 
supplies do  not reach these rural enterprises for many 
reasons, including the high cost of providing fuel and 
maintenance networlcs t o  supply convennonal diesel gen 
eration equipment, the ofien prohibiti\e cost of grid 
evtension to  remote regions w t h  dispersed populauons, 
and the lack of access to, financing for, and traning in 
renewable energy generauon technology As a result, ag 
r~cultural practices in the deb eloping world reman large]! 
based o n  human and animal power, two traditional 
sources of power w t h  major drawbacks Human muscle 
requires extensive food and care relame to output The 
productir itv of animal muscles is also relatively low com 
pared to  food and care requirements, and using animals 
as a source of labor can ultimately lower mdk and meat 
production 

To eliminate human drudgery and increase agricultural 
productir~ty, there is a strong need for sustainable, effi 
cient energy inputs Agricultural operanons can benefit 
from renewable e n e r a  technologies in several h n d a  
mental areas (1) openlng access t o  new or  enhanced 
techniques that improve agricultural vields (land prepa 
ration, planting, irrigation, fertilizing, and harkesting) 
and qualitv of life on the farms (lighting, health, and 
education), (2) openmg access to post harvest enterprise 
opportunities (transport, processing, storage, and pres 
ervation), which add value to  the farm products and 
provide income to the operators, and (3 )  adding value 
to  agricultural waste 

Renewable energy systems - based on energy sources 
such as biomass, uater, wind, geothermal, and the sun 
- can provide clean, sustanable energy for many cntlcal 
agricultural needs The systems can be easily sized t o  
meet the exact energv needs of an agricultural operatlon 
and designed to offer easy mantenance, use local fuels 
- u hich d o  not require scarce foreign exchange to pur 
chase - and are usuallv environmentallv benign On a 
lifecycle cost basis, renewable systems have proven to be 
the least cost altername in thousands of. agncultural ap 

The U S Agencb foi Interilat~onal De~eloprncnt  s 

(USAID) Office of Energq, Enrironmcnt, and Techno1 
OD (EET) spearheads the U S gorernment's eforts to 
help debeloping countries design and execute programs 
that are directed at orercoming market and lnst~tutional 
barriers t o  the expanded use of renewable ene rg  s\? 
tems USAID actirlties in reneuables can be dlilded into 
six categories 

1 Supporting the adoption and implementation of 
policy or regulatory changes that clarify or establish 
rights and mcennkes for renewables 

2 Traning entrepreneurs, operators, technicians, policy 
makers, and financiers in all aspects of the derelop 
ment of renewable energy projects and programs 

3 Fostering the start up of new renewable cnerg bus1 
nesses and mobilizing existing business entitics to  
pursue renewable energy 

4 Leberaging increased financ~al commitment t o  
renewables from the public and prirate sector 

5 Stimulating the establishment or strengthening of 
host country nonprofit institutions tor the explicit 
purpose of promoting renewables 

6 Disseminating the lessons learned (or technical in 
formation) on hou reneuables hare been uscd ef 
fectn ely 

USAID executes programs in each of the SIX catcgorics 
designed to promote the use of reneuables In agrlcul 
turd applications where the1 are economlcallv and tech 
nicdly compennve 

This guide probides a general introduction to  the role 
renewable energy can play in the derelopment of agri 
cultural operations While the guide is not meant to  be a 
design manual, it can probide a usetul introdu~tion to 
renewable energv svstems The linlcs that ale includcd at 
the back of this guide point the reader to  organizations 

that offer additional information on determlillng thc 
most appropriate renewable ene ra  sbstem to  meet spc 
cific iequirements of an agricultural enterprise 



Water Supply 

Ir rgatton zs the second wtost eneFpy zntenszve 
actzvzty zrt apr zc~ltur e, follo~zr~pfi~tz~z~at~o~~ 
Irrzpatrd land must rncrease substanttallv zf 
food pt odltctzon zrz the developzap ivor Id zs to be 
dl anzatzcally znc~eased The loiv ecoxonzzr 
feaszbzlztv of zr r zgntzon zn szg~z f i~ant  nrtas of 
the developzng lvol Id zs thegreatest obstacle t o  

agrzczzltzrral evpanszon due to hzgher znztzal 
znvestnzent costs, low cvop zntensztzes marlzet 
lzmztatzorts on crops, and the lack of an 
zrr gatzon tradztzon 

The advent of cheap, dependable, reneivable 
enerpy polver ed fnoto~ and pztrnp sets has 
evolutzonzzed zrr vatton In rnartv pal ts of tht 

lvor Id jravztv flon technzqztes cannot t i  I gate 
largt hacts of land tconon~zcallv Swtall, 
renewable Lntlg3, poiver cd pzz~tp ~ t t s  hnvt bbpztn 
to play a cf ztz~al rolt ZTL azgwjentzlzg the land 
avazlablt for food prodttctzon In tht photo below 
a jar nzev and hzs chtldr en on the Island oj 
Surnba Indonesza ~5 olzc tn t l~e sprav of the 
jar in's ryrgatzon mtenz Tht water fop tht 
zmpact spf znklers zs pztnzped from a well bv a 
Bergey Wznd Polver 10 kzlolvatt~ (k W )  watel 
pztntpz~tp systcnt T71e spr z~rllers szrpplv water to 
hi70 fields and the faun's lzvestock Waterporn 
tht pwnpzng systcnz is also used by the far rner 
and hzs faunzh to ivash cloth~s and take ~holvers 
The proje~t was deszpned ~vzth technzcal 
asszstance @om Wznrork Inttf natzonal - 
szrpported by USAID'S Office of Erzef_qy 
Envz? onment and Technoltqv - and fiindzng 
frow USAID/Jakar ta 

Sate reliable, and conkenlent natci supplies - whether 
for drinking, processing Irrigation, or I~~cstocl \  - aic 
cr~tical for the development of agiicultuial cntcrprlsts 
In spite of technolog~cal ach~e~ements ,  many small scalc 
agricultural enterprises in rural areas ot thc dekeloplng 
world rely on manual labor to  collect, pump, a i id/o~ 
d~stribute water Surtacc u atcr collected from such sources 
as lakes and streams IS prone to  contam~nat~oii  In addl 
tion, the \esscls used to  draw and transport watci from 
sulfacc sources or from hand dug uclls map l n d u ~ c  con 
tamlnatlon 

In areas u here the u ateel table 1s deep, ucll \olumcs l11g11, 
and resources uidel\r dlsperscd, the plicsical burden on 
the aii~mals and/or humans po\+ering the uatcr pump 
lng and d ~ s t r ~ b u t ~ o n  systems can be o\cruhelming and 
lneffic~ent This evcess load can ultlmatelv lower t h c ~ r  
abiht\. to perform other tasl~s 

Photo\olta~c (PV) and mind ponered water pumping and 
d~s t r~but lon  rvsterns are Iilccl\ to  be more compctltirc 
compared to  human oi anlmal powered water l ~ f t ~ n g  01 

d~s t r~but ion  methods T h e ~  tcchnolog~es art  also the 
economicalh iational cholcc u hen compared to convcn 
tlonal dlesel generators In areas where tuel supplies and 
maintenance are e\ipcnsi\e As a ~esu l t  o f  thcsc benchts, 
hundreds of PV and n ~ n d  poncrcd pump~ng and d1st11 
b u t ~ o n  systems hale been Installed uorldwldc, supplv 
iiig uater for human consumption, 11i cstoclc, and small 
scale lrrlgation 

The size ot  th t  rcnewablc cntrm power ?\stem rcclulrcd 
tor water deli\er\ depends on thc dad) \olumc of matel 
requ~red, the reiicwablc tesourcc a i a ~ l a b ~ l ~ t y  (liouis and 
intensitv of sunlight, aLcragc u ~ i i d  speed, ctc ), the S ~ S  

tem cttlclenc\, and the total pumping head Thc dallc 
water ~ o n s u m p t ~ o n  depends on the intended use Slr 
ing of a rcncn ablc e n e r a  bared clectric pumping sy5tcnl 
should be based on monthlv or cearly data ~cprcsciitiiig 
the rcneu ablc fuel source a\ ailab~l~t\  and the total water 
requlremcnt F ~ a m l n a t ~ o n  ot  monthly or \ car11 data can 
be used to idtnt~hi  those months d u r ~ n g  uhich tlit u a  
ter demand IS h~ghe\ t  and thus dctcrminc the maurnurn 
size ot the qstem nccccsal\ to meet thc demand Water 
pumplng $\\tern\ h o u l d  1150 hc s~ /cd  to ~ c c o n ~ r n o d ~ t c  
cupcctcd d c m i n t l  yo \ \  th t o  thc c\tcnt t l i ~ t  ~t I \  L L I I  



Mid- and Large-Scale 
Dry~ng and Process~ng 

Agricultural processing IS a kev economic actlvlty in most 
developing countnes Processed agr~cultural commodi 
ties are a major source of foreign exchange, employment, 
and lndustrlal development 

Mid and large scale agricultural processing industries are 
a major consumer of fossil fuels As energy costs begn  
to dominate production costs, these industnes are turn 
ing to  pre\lously unused or underused agncultural resi 
dues to  meet thew thermd and electrlcal energy needs 

The initial cost o t  agro resldue fired plants IS usually 
sllghtl~ hlgher than con\entlonal plants On a Ilfecjcle 
b a s ~ s ,  howeler ,  the\ generally produce thermal 
and/or electrlcal energ), at a lower cost than fossil he1 
fired boilers e \en tt the blomass tuel stoclz has t o  be 
drled or pretreated before being used as a fuel 

A numbtr of tnergl con\erslon dtiiccs arc comrner 
ciall\ a\ailable that use ;~gricultural residues - such as 
bagasse (sugar cane residue) ground nut shells, ~ o t t o n  
llnt, coconut huslzs, rice hulls, and palm 011 - as feed 
stocks A\ ailable con\ erslon technologies include dlrect 
combustion, anaerobic d iges~on,  and biomass gasifica 
tion Snll, a great \anew of agricultural residues (e g , 
alike pits, coffee waste, cacao caboose, and 011 palm ears) 
reman under u ~ l i z e d  and the efficiency of current en 
ergy production methods can be greatly Increased 

High efficiency, biomass residue based electrlc genera 
tlon sjstems can be linked t o  a gnd The sale of excess 
electriciq can help an enterprise increase lts revenue 
stream, expand off season employment, dlspose of accu 
mulated residues, and increase the supply and reliabillw 
of local power 

Agricultural processing industries wlth high hot mates 
requirements, not located near sources of cheap, com 
bumble agr~cultural residues - such as dyeworks, spin 
ning and weaving factories, and food processing plants 
- typlcallj use electncity, liquefied propane gas (LPG), 
and/or fuel oil t o  meet thelr thermal requirements All 
of these are costly and often require Imported fuel, which 
can further Increases their price Proven, cost effective 
renewable energy systems can be used t o  meet the ther 
m d  needs of agncultural processing industries 

USAID zs zmplementzng a $1 9 mzllzon 
Greenhouse Gas Converszon Pollutzon 
Aeventron Inztzatzve zn Ir~dza tn collaboratzon 
1~2th several Indzan and U S  publtc and przvate 
sector partners, znclzidzng Wznrock 
Intentatzonal A prznczpal component of thzs 
znztzatzve zs the Advanced Bagasse Cogeneratzon 
(ABC) Pr ogr am Untzl 1 ecentlv most sugar mzll 
bagasre combustzo~ systems zn Indza n3ere 
desgned t o  meet the elecn zczty and thermal 
needs of the mzll The ABC Program ts helpr~zg 
Indzan nga3 ~nzlls lzke the Tamzl Nadu faczlzrv 
zn the photo above deszgn bagasse based 
cogenel atzon systems that marzmzne combustzon 
and electrzcal output, ope? ate thr otghozit the 
year, and have the poter~tzal to supplv electrzcztv 
to thegrzd 

USAID'S Ofjce of Eltevgy, Envzrorzment and 
Technology also sponsored Wznrod Irzternatzonal 
to execute a serzes of polzcy studzes and technzcal 
asststance pr ojects deszgned t o  open the mar kets 
for bagasse cogenel atzon zn Indza These 
actzvztzes led t o  breakthrozghs zn polver purchase 
przczng zn all of Indza's key sztgar produczng 

states, provzdzng dzrect zncentzves to znvestments 
zn cane cogenel atzon Almost 300 MW of 
znstalled capaczty can be tzed t o  USAID'S work 
zn pr omotz~zg bagasse cogenel atzon tn  Indza 



Small-Scale Drylng and Brocess!ng 

Wznr ock I~ttesnntzonal's Rerzeli nblr E~ter~qv 
A oject 9 ~ p p o ~  t OffiCeJ (REPSOs) are pal t of 

tht o+partzzatzorz's stratem to hclp local ptople 
ftnd appr opl zate nnd envzvorirne?ztallv 
sztstazrrable soluttons to thezr cnerjv and znconzt 
needs m e  REPSOs - wiana.ed as local 
opfianzzattorzs zn coordznatzon ivtth Wzw~ 0th 
nlzd par tzally funded bv USAID'S Office of 
Enerflv Envz! on??ztrzt a ~ t d  Tcch~zolo~v - fostt~ 
coopt? ntzon amonflgovtr ?zmr~ct aBtuczes, pr zi'ntt 
enterprzses, nonpl ofzt or8nn zzatzous, and 
communztzes zn co~nrnon pztrszczt of ha? nmznm 
proven tech~zologzes fol szcstaznable erzerpy 
development 

In the photo above Benjanzzn Qzczc pzck~ sbadt 
~molvn coffee on a coopefatzvt tvi Guatemala 
QUZL s cooper atzvr jozrzed for crs 11 zth Wznrocl 's 
REPS0 zn Ggatevnnla (Fzrndaczorz Solar) and 
Gzmte7nala's Natzorral Assoczatzo~z of C o f e t  

P~oducers to ereczrte n project that ~tzidzts 
lznlzafits betlverri tr adzry tat borr pel i ~ z z t ~  a d  
the sztstaznabzlztll aspects of sntall s~alt coff~e 
pl odzrctzon chazrts zn Cennnl A~ner zca 
Fztndaczon Sola+ zs also znvolved zn sel t r  nl 
 project^ related to  bzornass ztse ztt cofeet p? otesJt?Lq 
as well ns zn asszstzrr~q small coflce pr octssors zn 
Gzintenznla to zntpr ove tneyqv co~r~zt~~zptzorz 211 

~ P O L L S S Z P Z J  fac~lztzts artd to dtvelop svsttrv~s thnt 
~a'il,! nznkt bzomas~ sztppk rnor t ~ztstnz~rnblr zlr 

yea+s to come 

Crop drclng lnd proccrslng 1s pirtlc~rlitli 111ipo1 t lnt  tot 
sniill scale ig r lcu l t~~~a l  o p c ~  itlonr is ~t c 111 5tlbrtint1 dl\ 
Incrc ire potent111 prot~ts - proccssccl c~ 0175 t1r11 ill\  t c t~ l i  
a higher marlcct prlcc 

Worltcrs on $mill scllc opcrittons otter1 ticc the cnot 
mouslj tlmc C O I ~ \ L I I ~ I I I ~ ~  i n ~ i  [7icl( ~ I C  il\llig c I i o ~ c \  o f  
minu11 rn~lllng ind hull~ng I lie hind m~llcd l\crncl\ o t  
ten hrcilt lo\\crlng t h c ~ r  s l l c  \ l l ~ i c  4nrmll po\\crcd 
grlndlng 15 ottcn an ~ncttic~cnt i l t c ~ n ~ t l \ c  i r  ~t I L C J L I I I C \  

large tnputr of tood uid fodder per unlt proclitcctl \ole 

rellancc on human and animal n~u\clc not onl\ placer a 
burden on the laborer, but also restricts the small scale 
agr~cultural cntcrprisc from exploring other morc cnciby 
Intensice food proccsslng optlons, such as o ~ l  cxpcll~ng, 
I oastlng, and packaging 

Tradlt~onal methods of open alr drping invltc contami 
nation and losses from birds, Insects, and rodent5 and 
can result in untvcn drp~ng,  u hich can drastically reduce 
the sale calue of the product 

Renewable energy technolog~cs offer ctfic~cnt and cost 
effective technlquts tor small scale drylng and proccs5 
lng of agricultural commod~ticc For cxamplc simple so 
lar and biomass flred crop d r p c r ~  can significantly leducc 
crop losses from uncccn d r c ~ n g  and/or an~inal scaveng 
lllg 

Watev T~eatwzent - R c a d ~ l ~  a~cesslblc clean uatcr for 
dr~nlclng and hlgicnc IS a common and scrlous health 
concern on agr~cultural opclatlons 111 the dcceloping 
world 

A number o f  Ion cost, i~onclcctr~cal means o f  treatlng 
water are available to  inalcc ~t safc for human consump 
tion Pasteur~zation a ~ l d  distillation arc two common ct 
fectnc methods for trcatiiig biolog~cally colltaml~iatcd 
water Water or mllk ma) be pastcuri~cd bv hcat~ng ~t to  
65" C (150" F) tor 30 minutes or 71' C (161" F) for 
15 seconds Pasteur17at1on d~slnfects m~crobiolog~call\l 
contaminated uatcr and milk bk lcilllng vlruscs, bactcr~a, 
and protozoans Dlstlllation cv111 rcmocc bacterial, clral, 
and cheml~al contaminants from brack~sh or salt uatcr, 
maluiig ~t drlnlcable 



Renewable energy sources can be tapped to treat water 
For example, pasteunzanon may be acheved by placing 
water or milk contaners in solar cookers Solar thermal 
energy is used to heat the water in the cooker by means 
of insulation and reflectors under a transparent surface 
Solar stllls dstlll water by heanng it to form steam and 
then allowng it to condense back to water These solar 
energy-based systems are good alternatives to using wood 
stoves to boil water, as they do not requlre scarce biom 
ass fuel resources to supply heat 

More sophisticated means of water treatment generate 
hgher lolumes of potable water and are effective in elimi 
nating a wider variety of contaminants Two modern 
forms of water treatment, ozone treatment and photo 
chemcal (UV) dsinfectlon, both have very low electrical 
power requirements and are therefore easdy powered by 
small scale renewable energy systems, such as PV or small 
wind turbines 

L z g h t z n ~  - Electnc lightlng offers a qualitv of light w t h  
n hich traditional sources, such as gas and kerosene, can 
not compete ICerosene l~ghts are also known $ a f e ~  haz 
ards and contribute to unhealth~ Indoor air quality Elec 
tnc lighting can evtend an enterpnse s hours ot opera 
non, increase communlh safetv, and help Improve other 
personal residennal and professional conditions 

When using a renewable energv sjstern for llghtlng, en 
ergv efficiencv is the ke, to rellabilitv and aftordabilit7. A 
dollar spent on efficiency d l  generallj sate manj dollars 
in total systems costs Compact fluorescents are the lights 
of choice for renewable energy systems, giwng four nmes 
as much power per watt consumed as incandescent bulbs 
With an expected servlce hfe of 10,000 hours, they can 
last 10 m e s  longer than incandescent bulbs 

Commwnzcatzons - Radio, radiotelephone, and televi 
sions provlde market news/data servlces that can help 
strengthen agricultural enterpnses, mcludng helping aug 
ment the formal and informal education of the staff that 
manage and work them Radio and telemsion systems 
broadcast educational programs and introduce agricul- 
tural workers to events and changes happemng outside 
their local area 

Data momtormg is a specialized comrnumcaaons applica 
aon  that reqmres traned technicians The informanon 
it prowdes, however, can often yleld sipficant benefits 
for agricultural enterpnses For euarnple, monltonng m- 
struments provlde data on precipitation levels and inten 
sity, river levels, humidity, sol1 moisture, leaf wetness, 
and many other factors Thls data can help farmers prop 
erly plan for plantmg, harvesmg, and irngatlng crops as 
well as tlmely pest management apphcatlons 

Basic cornmumcattons systems require very little electnc 
energy Stand by power consumptlon may be as little as 
2 watts (W) Power consumptlon for transrnittlng and 
receiving are usually higher, o n  the order  o f  
30-100 W, but generally are for a very short tlme span 
A single 30 W PV module can provide sufficient power 
for reliable cornmumcanons via VHF radlo or a teleli 
sion, while larger renewable e n e r a  based generation 
umts can power microwave repeater stanons and satellite 
ground systems 

Electrzc Fences - PV is now the technology of cholce to 
power electric fences, as it eliminates the frequent re 
placement of expensive batteries, increases system re11 
abhty, and is a portable power source 

The ~nstallat~on of a photovoltatc module wtll prov~de the 
electrfctty needed to power a Ifghttng system In thts home in 
Guatemala 

EIectr~c lrghtrng offers 
a qualrty of lrght wrth 

i whrch tradrtronal 
sources, such as 
kerosene and gas, 
cannot compete 



This section gikcs a b i ~ e t  overkiew of. sckcral of the re 
ncwablc cncrgv technologies typically used In agricul 
tural applications 

Workers bale cane trash for fhe Mohan Brewer~es and D~stlller~es 
I~rn~ted bagasse cogenerat~on faclllly ln Tarn11 Nadu lndla 

Hlgh-quail ty blomass 
com bustion systems 

currently generate hot 
water, steam, and 

elecfrlclty for ~ndustrles, 
lncludlng forest products 

and food processing, 

electrlc utrlltles, and 
speclallzed markets 

Rioinass is a tcrin that broadl\ encompasses plant matte] 
and animal waste used for cncrgv production Riomass 
ma17 be used in a numbcr of navs to  produce c n c r a ,  the 
most common being coinbustion, gasification, fermcn 
tation, and anae~oblc dlgtstion Biomass combust~on IS 

the direct burning ot an) plant matter The thermal out 
put can produce dlrcct heat tor cooking or crop drk~ng,  
forging kilns, heating uatcr or raislng stcam In a l7o1lcr 
tor clcctr~c po\\cr p n ) d u c t ~ o ~ i  01 1ndu\t111l p~occ \ \c \  
H ~ g h  clitll~t\ h ~ o r n ~ \ \  combu\t~on \\\tern\ cut tcntl\ gcn 
elate hot \\ itcr stc im ~ncl c l c c t ~ ~ c ~ t \  tor ~ndit\ttic\ In 
clud~ng forest p~oducts  ind food procc\\lns e l e c t r ~ ~  11t1l1 
t ~ c s  2nd spec1iI17~cI mirltct\ such i s  rlcc 2nd su211 rn111s 

In g l s ~ t ~ c l t ~ o n  h ~ o m ~ \ \  product5 i l c  hcitcd in i n  ox\ 
gcn s t i r ~ c d  cn\ironmcnt ind clccompo\c \ \ ~ t h o u t  burn 
~ i i g  gcncratiiig I \olat~lc g15 cillcd ptoduccr gis T h ~ s  
gas mav bc i~rcd 111 I ~ L I I I I I ~ C  (d~rcc t  h c ~ t  g i \ ~ f ~ c ~ t i o ~ l  ) 01 

In an ~ntcrnil  combust~on cnglnc r l iou \~nd\  o f  g i \ ~ f ~  
citlon ?\stem\ h ~ \ c  hccn tn\tlllcd it I lngtng tlom 
pulp ~ n d  plpcr rn~ll\ to Iirgc \ c ~ l c  ~ g r ~ c l ~ l t l ~ t  11 jxocc\\lng 
facilities 

Biomass teedstoclts can also be converted into kaluablc 
energy products through tcrmcntation The starch tccd 
stock is brolzen dou n Into sugar nith eii7vmcs The sugal 
is then exposed to  vcast or bactcr~a that conkcrts ~t into 
ethanol and carbon dioxide A d~stillation p~occss gcncr 
ally rcmohes ethanol from the tcrmcntcd liclu~d Ethanol 
1s being used as a fuel for modihcd ~iitcrnal combustion 
engines, as an octane cnhanccr, and as a gasoline subst1 
tute 

A fourth b~omass cncrm con\crsloii spstcm is anacroblc 
digestion In this proccs5, manutc, agt~cultural residues, 
and/or speciallv groun crops arc fed Into i scaled con 
tainer called an anaerobic d~gcstcr or bioga5 plant, wlicrc 
the) are broltcn do\\n bv special bacteria The g ~ s  p ~ o  
duced is 50 to  60 percent methane The methane can 
be combusted to suppl) thermal capacln or to  supply 
steam for a generator 



PV uses semiconductor solar cells to  generate direct cur 
rent (DC) from sunlight When combmed with the ap 
propnate balance of systems components, PV can be used 
to supplv power tor anv electric application PV svstems 
have no  movlng parts and thus require minimal mante 
nance, and the he1 source - sunlight - is free 

PV power systems consist of the PV module, the sup 
porting structure, and the balance of system components 
A PV module is a senes of semiconductor solar cells that 
are connected together Depending on the application, 
a number of modules can be combined to form a PV 
array Through this grouping technique, PV systems can 
easilv be talored to meet the exact needs of an applica 
tion 

PV output is usually measured in peak Watts (Wp), which 
is the electrical output of the system at approximately 
noontime, or  when the sun's intensity reaches its peal< 
Svstem outputs can range from a few peak Watts to  a few 
hundred peak lulowatts (IcWps) This raung is a hncnon 
of both panel size and panel efficiency 

Wind turbines conxert the energv in the w ~ n d  to  rotart 
motion, w h ~ c h  in turn powers a generator to  directlv 
produce electricitv or a drile shatt Small nind sirstems 
are a\alable in sizes that produce a few hundred watts 
Larger sized turbines of up to approximatel) 1 megawatt 
can be either used as a stand alone svstem or combined 
with others t o  form a wndfarm 

While w n d  turbines need somewhat more maintenance 
than PV arrays (primarily due t o  mo\ing parts) the ma 
jority of commerciallv a\alable svstems require m~nimum 
maintenance and the he1 source - wind - is free 

When wind turbine production IS highlv ~ariable duc to  
resource variance, wind turbines can be combined w ~ t h  a 
PV array or diesel generator to  ensure energv produc 
tion at times of low wind speed These comblned sis 
tems are laown as hybrid skstems 

Wlnd and PV svstems are supplying power on hundreds 
of agricultural operations throughout the world 

Photovoltalcs 
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Balance of System Components 

PV and wind systems provide Intermittent, variable, DC 
current Therefore, for the majonty of agricultural appli 
catlons, PV and wlnd systems require balance of system 
components, such as batter~es, mverters, and control 
lers 

Ilittcr~cs \tore cncrgb tn a chcmlcal f o ~ n i  tor later i ~ \ c  
Eor rcmotc powcr appltcat~ons deep cvclc bittcrtc\ lrc 
gcncrlllb rccomnicnclcd \ h  l l l o ~  c~c l c  h~ttcttc\ \uch 15 

c lr h ~ t t c r ~ c s  ire gcncr~ll\  not rccommcndccl bcciu\c 
the\ cin onl \  be dt\cliirgcd to 1 80 90 percent \tare o f  
chlrgc lnri o n l ~  I hinclh~l o f  dccpcr d~schirgc\ will o f  
ten dcs t ro~  them 

Inverters convert DC to alternat~ng current (AC) Thls 
capabll~ty is needed because PV panels and wind tur 
bines produce DC power and most common electrical 
applications requlre AC power For off grld applications, 
the ~nverter must have stand alone capaciq and hlgh 
conversion efficiencies, especially at parual loads 

Controllers act as the bralns of a renewable energy sys 
tem Controllers route the energy through the system 
coinponents to  the load The complexlty of the control 
lers necessary for a renewable energv svstem depends on 
the slze and complexlty of the system and the prefer 
ences of the user 

Small-Scale Geothermal 

Small scale (under 15 MW) geothermal sjstems are clas 
sified according to thelr thermal and hydrolog~cal char 
acterlstrcs Numerous geological and physical factors - 
includ~ng the structural settlng of the ate, lts predoini 
nant rock type, porosiw and temperature dlstributlon 
of the rock - comblne to  make each site and svstem 

Moderate temperature geothermal flu~ds are used to dehydrate 
frop~cal frult ~n Guatemala 

unique The systems that are most attractive economi 
callj are those In whlch the above factors combine in a 
favorable way 

Geothermal resources can be used dlrectly or ~ndirectly 
bv transforming thermal energy Into electric~tj The hlghcr 
the temperature of the heat bearing flu~d, the wlder thc 
range of practical applications H ~ g h  ternperaturc (abokc 
100" C )  geothermal fluids lend themselves t o  Indirect 
apphcations, such as electricity generation and direct ther 
ma1 applicauons, such as water dlstillauon and industrial 
scale evaporauon Low temperature (below 100" C )  flu 
ids lend themselves to  dlrect thermal appllcatlons, such 
as heanng greenhouses, drylng food and lumber, raislng 
fish, and providing water for coolung or bathlilg Geo 
thermal resources are belng used in a broad range of 
agricultural operations worldwrde For cxample, in thc 
photo abobe, women In a food processing facillq In Gua 
temala relb on moderate ternperaturc gcothtrmal fluids 
to  problde the thermal load ncccssal j to dehydrate tropical 
fruit to  produce snacks and ingredients for thc malung 
of bread, cereals, and other food products 

Small-Scale Geothermal 
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Solar Thermal 

Solar thermal energy systems capture the sun's energj 
and conbert it t o  heat There are two major types of 
solar thermal energy systems actlke and passlve Acme 
svstems use a pump or blower to  circulate water, a r ,  or a 
heat evchanger fluid In a collector where it 1s heated by 
the sun's rays Acme systems are broadly diblded into 
flat plate svstems, generally used for heatlng water or  ar ,  
and concentrating systems, used for producing higher 
temperature flu~ds or  steam The most common acme 
system appllcatlons in agr~cultural enterprlses are heatlng 
and purlfvlng water, food processing, and crop drying 
The term "passlve solar system" is commonly used t o  
descnbe climate sensltlve architectural designs, in whlch 
the bullding itself is used t o  buffer the Interior from 
outside chmatlc smngs 

M~cro- and Small-Scale Hydro 

In  a mlcro (under 50 1zW) o r  small scale (between 
50 hW and 15 MW) hydropower project, falllng water IS 

dlrected aganst a turblne, which is rotated by the force 
of the water The splnnlng turblne IS elther coupled d 

rectly t o  a load, such as gr ind~ng or mlll~ng, o r  con 
nected t o  an electric generator set to  supplv electrlcln 
Hydro systems can probide continuous pouer as long as 
the water resource IS sufficient In the past decade, In 
creased attention has been gixen t o  micro and small 
scale hydroelectric plants that habe mlnimal lmpact on 
the water resource eco system Mlcro and small scale 
hydro systems have no he1 costs, are nonpollut~ng, and 
typically - when debeloped and managed correctl) - 
have little en\lronmental lmpact Mlcro and small scale 
hydro svstems are supplying power in a sustainable man 
ner to  agricultural enterprlses throughout the uorld 

Mjcro- and small-scale 
hydro systems have 

i no fuel costs, are 
! nonpollutmg, and 
j typrcally - when 
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The main cons~dcrat~ons d ~ l v ~ n g  svstem select~on arc load, 
lesoulcc, qual~ty of servlce, and cost 

Load - System components must be uscd so that a s ~ s  
tem can dcliter the peak load PV components ?re most 
~ompctltlvc ' ~ t  mcetlng small clcctr~c loads W ~ n d ,  solar 
t h ~ i m a l ,  hydro, geothermal, and b~ornass svstrrns be 
come more competitive wlth somewhat larger electi~c and 
thtrmal loads D~urnal and seasonal load variations mav 
~ l s o  ~nfluence component selection 

Resouzce - Obv~ously, the available resources greatly In 
t l u c n c ~  the conhgurat~on and costs ot  an e n e r g  s ~ s t e m  
A good wind rcsourct w ~ l l  tat01 the use o f  wlnd tur 
blncs, a good blomass resource wlll favor the use of a 
blomlss svstcm A cential considcrat~on is the varlab~l~tr, 
of the rcsou~ct  both seasonally and dad) Most locations 
cxpcrlcncc seasonal variation In wind speeds, hydtology, 
and the b~omass Icsourcc, but not In the geothermal 
icsourcc These tanatlons malcc ~t diff~cult to  get consls 
t tn t  production trom w n d  systems Biomass and hvdro 
resources can often be cheaply stored foi long periods of 
t ~ m c  to  delncr a continuous source of elcctric~t). Solar 
svstcms h11c the Issue of dad\ vanatlon that must be 
dealt w ~ t h  

Qualz ty  of Sevvzce - All rcne\\ able energ1 scstcms re 
cIu1rc monltorlng to  cnsule that a h ~ g h  qualin ot set vice 

1s maintamed Although the components of sm--tII scale 
PV, wlnd, geothcrm~l ,  and h d r o  s\stcms may be eas) 
to  maintain, the balsncc of sbstcm components lcqulrc 
occas~onal s u p e ~ \ i s ~ o n  and maintcnancc Mcd~uln and 
large scale renewable energ\ gcneratlon unlts rcqulrc daih 
supelvislon The absence of the necessity to  constantl~ 
dtllver fuel ( e x ~ e p t  In thc casc ot bioinass b a s ~ d  svstcms) 
1s a major benefit that poslt~vclj affects the qualltc of 
servlce In renewable entrg\ $1 stems 

Cost- The installed cost of anv renewable cncrgv system 
depends on the hardware and software selected Whllc 
these upfront capital costs arc often h~ghcr  than the In1 
t ~ a l  costs of fossil fuel bascd $1 stems, the saclllgs in mall1 
tenallce and fuel costs in the long tcrm can ~ ~ s u l t  111 

substantial savlngs ovci the life of the svstem 

A common ciror n hen c \a lua t i~~g  e n e r a  svstcms is per 
forming simple cconomlc analcs~s bascd on t h ~  ~ n ~ t ~ a l  
cost and short tlmc peilods Because the total cost of a 
project 1s the sum total o f  ~ t s  l n ~ t ~ a l  and future costs, hfc 
cvcle cost (LCC ) analcs~s is morc appropriate LC < anal\ls~s 
~ilcludes ~nltial cap~tal costs and 111 the future costs (equip 
mcnt replacements operatloll and malntcnancc [O&M], 
and fuel) LCC is a useful tool that allons for I fair com 
parison ot the economics o f  renewable cncrg), and con 
\entional technologies 

The casc stud~cs on the tollon ing pages, dc\ eloped b~ 
3and1a Yat~onal I aborator~cs and South\zcst Texas 'rtatc 
Unibersitr, dcinonstrat~ tmo applications trom the Mexico 
Renewable Energy Program u here a rencn able cnci gy 
based sFstem 1s the most cost competltivc optlon on an 
LCC basis 

I Mex~co Renewable Energy Program I 
I Thc Mcxlco Renen Ible F n e r ~ ~  P~ogram IS a jolnt initla torlivcstoclc crop Irllgltlon rlnch communltlcs and pas 
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~cxlco;, VSAID s Office of En 
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L~vestock Water Pump~ng 
A good example of where a PV svstem is a mole 
efficient choice than conventional technology is the 
Jeromn ranch slte in centlal Chihuahua, Mexico 
The system owner previously operated a cfiesel gen 
erator to  prov~de an average of 15,000 hters of 
water d d ~  for hts ranch The generator consumed 
20 l~ters of fuel per day to pump the 15,000 hers 
An 848-Wp PV water pumprng system was Installed 
m March 1997 under the Mevlco Renewable En 
ergy Program The PV system IS composed of 16 
Sol~rex VRX 53 modules, Grundfos SP3A 10 
pump, and SA-1500 ~oiltrolle~ 

The results of the LCC anal>s~s are prov~ded m 
the figures Frgure 1 shows the present value of all 
the fitture operational costs of each evaluated tech 
nology The 11u~a.l cap~tal costsrn Flgure 1 are m c e  
the amount of the convenaond technology, but 
rn a 20-year penod, the LCC for the conven~onal 
technology 1s four tlmes the amount of the PV 
system The man factor causlng thls cost chffer- 
ence IS the fuel consumptron by the generator The 
fuel costs represent 78 of the total LCC 
for the conventronal technologv system Flgure 2 
shows that m spite of lxgher mad costs, after two 
vears, the PVsystem actualIy represents a lower over- 
all cost 

LCC Assumptrons 
Jeromin Ch~huahua Mexico 

--- - -  

Economic Parameters 
- 

Average d~scount rate 200, 

Average ~nflat~on rate 13'0 

Average fuel escalat~on rate 13'0 

Real d~scount and fuel escalat~on rates Pi!! 

- 
PV water pump- Convent~onal system 
Ing system (1 5 kW generator & 

(848 WPI AC pump) 

ln~t~al cap~tal cost $1 0 491 $3 785 

Replacements Grundfos Pump AC Pump - 6 years 
- 20 years Generator - 10 years 

Operation and 1 % ~n~ttal cap~tal $200 year 
rna~ntenance cost 

O&M transportat~on $72 - 12 v~sits $31 2 - 52 v~s~ts 

Fuel costs None 7 980 I~ters'year 
$3 700lyear 

Flgure 1 Figure 2 
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Agua Blanca, Baja Cal~forn~a Sur, Mexico 
Llvestock/lrr~gat~on Pumplng 

Agua Blanca is a Iivestoelc/iiiigation ranch with 
seml desert kegetation, l o ~ ~ t e d  120 I\ilometeis 
1101 th oi Lq P ~ L ,  Mexico The ranch's operator has 
1,001 hectaies, with 25 hectares in buffalo grass 
As pal t of the Mexlco Renewable Energy Program, 
an 800-Wp PV water pumpmg system was installed 
in Maich 1998 to replace an 8 Hp gasolme motor 
pump, which consumed an average of 2,000 hters 
of fuel per year The new PV water-pumplng sys 
tcm is composed of 10 ICyoceia I C  80 modules, 
Solarjack SCS 14 160 pump, and controllei 

Thc iesults of th t  LCC analysis are provided in 
the two figures Figure 3 shows the present value 
of all the future operational costs of- each evaluated 
technology In thls case, the initla1 costs ale ap 
proximately m c e  the amount of the conventional 
technology, but in a period of- 20 years the LCC 
for the PV water pumping system is lowei The 
tuel costs represent 48 percent of the total LCC 
fol the conventional technology system Figure 4 
shows thqt in spite of- higher initial solar energy 
c~pital costs, after six yew, the PV system actually 
represents a lower overall cost to the opeiator 

LCC Assumpt~ons 
Agua Blanca Baja California Sur Mex~co 

-- -- - - - - -- - -- - -  

Econom~c Parameters -- 
Average dlscgunt rate ?OO' 

Average lnflatlon rate 1 3"' 

Average fuel escrllatlon rate 13/ 

Real d~scount and fuel escalat~on rates 7% 

Ing system (6 0 kW gasollne 
(~OOWP) 1 motor pump) 

lnltlal cap~tal cost 

Water tank $2 160 

1 Replacements I Sr17rjclrk , J I ~  r11 >a ~ l i n  rrl t r I 

~ p e r a t l o n  and i 1 1n1t1i11 c-ry 1 1 t  11  , 2 0 0 1 ~ ~  xr 

ma~ntenance cost 
--- 

0&M transportat~on $72 - 12 V I S I ~  I ,317 '1 dl 113 
-- I 

Fuel costs Ncn5 2 078 I t  -rs/\ e r l r  

S9821vear 

F~gure 3 Figure 4 
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